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APPARATUS AND METHOD FOR
PHOTOACOUSTIC IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of co-pending U.S.
patent application Ser. No. 13/051,632, filed Mar. 18, 2011,
which claims foreign priority benefit of Japanese Patent
Application No. 2010-070326 filed Mar. 25, 2010, both of
which are hereby incorporated by reference herein in their
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an apparatus and method
for photoacoustic 1maging, and 1n particular, relates to a
technique for measuring optical characteristics of the inte-

rior of a specimen using the photoacoustic eflect.
Description of the Related Art

One of photoacoustic imaging techniques 1s photoacous-
tic tomography (PAT). According to the PAT technique, a
specimen, such as biological tissue, 1s 1rradiated with pulsed
light emitted from a light source. A light absorber absorbs
the light propagated and scattered in the specimen, thus
generating an acoustic wave. Such an acoustic wave gener-
ating mechanism 1s called the photoacoustic effect. A light
absorber, such as tumor, often has a higher light energy
absorption coeflicient than 1ts peripheral tissue. Accordingly,
the light absorber absorbs more light than the peripheral
tissue and nstantaneously expands. In a photoacoustic
imaging apparatus utilizing the photoacoustic eflect, acous-
tic wave detecting devices receive an acoustic wave gener-
ated upon expansion, thus obtaining received signals. The
received signals are mathematically analyzed, so that infor-
mation about, for example, a distribution of sound pressure
of the acoustic wave generated in the specimen can be
imaged. A distribution of optical characteristic, particularly,
absorption coellicient 1n the specimen can be obtained on the
basis of 1image data obtained in this manner.

In PA 1imaging, light applied to a specimen may cause an
acoustic wave (interfacial acoustic wave) on the surface
(hereinaftter, also referred to as “interface™) of the specimen.
The details will be described later. When the interfacial
acoustic wave 1s received by an acoustic wave detecting
device, a signal output from the acoustic wave detecting
device includes a transient response caused by the limitation
ol a recervable frequency band of the detecting device. This
transient response appears as an artifact i an 1mage
obtained by PA imaging. The artifact 1s an image which does
not really exist but appears as 11 something exists there and
1s also called a ghost. If an acoustic wave caused by a light
absorber reaches the acoustic wave detecting device after the
interfacial acoustic wave, an 1mage of the light absorber,
such as tumor, may be hidden by the artifact. Alternatively,
if a holding member, such as a plate, for fixing or holding a
specimen 1s used upon acoustic wave measurement, an
interfacial acoustic wave 1s reflected multiple times 1nside
the holding member. Such a retlected wave (reflected inter-
facial acoustic wave) 1s also detected by the acoustic wave
detecting device. Thus, the retlected interfacial acoustic
wave also causes a transient response similar to the above
described one. Disadvantageously, an 1mage of a light
absorber may be hidden by an artifact caused by the transient
response.
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2

The following problem 1s similar to the above-described
problem caused by the reflected interfacial acoustic wave in

the photoacoustic 1imaging apparatus. In an ultrasonic mea-
suring apparatus using an ultrasonic echo, multiple reflec-
tions of a transmitted ultrasonic wave are repeated 1nside a
member interposed between an acoustic wave detecting
device and a specimen, thus causing artifacts. The artifacts
caused by multiple echoes appear in an 1image.

A method of eliminating such artifacts caused by multiple
echoes 1s disclosed 1n Japanese Patent Laid-Open No. 2000-
107177. According to the method disclosed 1n Japanese
Patent Laid-Open No. 2000-107177, an average signal
obtained by averaging a plurality of received signals 1is
subtracted from a received signal, thus eliminating an ampli-
tude caused by multiple echoes.

Applied light generally has a spatial distribution of inten-
sity. Thus, there 1s a diflerence 1n light intensity at different
positions. The amplitude of an acoustic wave caused by the
photoacoustic effect 1s proportional to the light intensity
distribution. Accordingly, the above-described interfacial
acoustic wave has a spatial distribution of sound pressure
proportional to the spatial distribution of intensity of light
applied to the terface of a specimen. Similarly, the
reflected interfacial acoustic wave has a spatial distribution
of sound pressure. The feature 1n which the spatial distri-
bution of sound pressure 1s uneven 1s peculiar to the pho-
toacoustic 1maging apparatus having a feature in which the
spatial distribution of light intensity 1s uneven.

In the photoacoustic imaging apparatus, an acoustic wave
1s recerved 1n different positions. Simultaneous reception of
the acoustic wave in the diflerent positions can reduce
measurement time. Accordingly, a device array including
acoustic wave detecting devices arranged one-dimensionally
or two-dimensionally 1s generally used. Since the acoustic
wave detecting devices receive an interfacial acoustic wave
whose spatial distribution of sound pressure 1s uneven, the
amplitude of the interfacial acoustic wave recerved diflers
from detecting device to detecting device. If the method
disclosed 1n Japanese Patent Laid-Open No. 2000-107177 1s
used, a plurality of received signals having different ampli-
tudes are averaged. An averaged amplitude caused by mul-
tiple echoes does not necessarily match an amplitude caused
by multiple echoes in each received signal. Disadvanta-
geously, 1f an average signal 1s subtracted from the received
signal, the amplitude caused by multiple echoes i1s not
sufliciently reduced in some cases. In other words, the
method disclosed 1n Japanese Patent Laid-Open No. 2000-
107177 1s effective 1n the ultrasonic measuring apparatus n
which a recetved signal amplitude caused by multiple
echoes 1s constant. If the method 1s applied to the photoa-
coustic 1maging apparatus 1n which the spatial distribution
of sound pressure 1s uneven, 1t 1s diflicult to achieve a

il

satistfactory eflect.

SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
the above-described problems. The present invention pro-
vides a technique for obtaining image data with reduced
artifacts by obtaining signals 1n each of which signal ampli-
tudes caused by an interfacial acoustic wave and a reflected
interfacial acoustic wave included 1n a received signal 1n
PAT are reduced.

According to an aspect of the present invention, a pho-
toacoustic imaging apparatus includes a plurality of acoustic
wave detecting devices each configured to recerve an acous-
tic wave generated 1n a specimen irradiated with light and
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convert the acoustic wave mto a received signal, and a signal
processor configured to generate image data using the
received signals obtained by the acoustic wave detecting
devices. The signal processor includes an adding unit con-
figured to add amplitude values in the received signals
obtained by the acoustic wave detecting devices at each time
to obtain a summed signal, a normalizing unit configured to
normalize the summed signal for each acoustic wave detect-
ing device with reference to an amplitude value in the
received signal of the acoustic wave detecting device at the
time when a maximum amplitude value in the summed
signal 1s obtained to obtain a normalized signal, a reducing
unit configured to subtract the normalized signal from the
received signal for each acoustic wave detecting device to
obtain a reduced signal in which the amplitude value 1n the
received signal at the time when the maximum amplitude
value 1n the summed signal 1s obtained 1s reduced, and an
imaging unit configured to generate 1mage data using the
reduced signals.

According to another aspect of the present invention, a
photoacoustic imaging apparatus includes an irradiating unit
configured to 1rradiate a specimen with light emitted from a
light source, a plurality of acoustic wave detecting devices
cach configured to receive an acoustic wave generated 1n the
specimen irradiated with the light and convert the acoustic
wave 1mto a received signal, a scanmng umt configured to
scan the acoustic wave detecting devices and the irradiating
unit, and a signal processor configured to generate 1mage
data using the received signals obtained by the acoustic
wave detecting devices. The light emitted from the light
source 1s applied through the irradiating unit to the specimen
in each scan position. The signal processor includes an
adding umt configured to add amplitude values in the
received signals obtained by the same acoustic wave detect-
ing device at the different scan positions at each time when
clapsed times from the time of irradiation with the light 1n
the scan positions are equal, thus obtaining a summed signal
for the acoustic wave detecting device, a normalizing unit
configured to normalize the summed signal for each acoustic
wave detecting device for each scan position with reference
to an amplitude value in the received signal obtained by the
acoustic wave detecting device 1n the scan position at the
time when a maximum amplitude value in the summed
signal for the acoustic wave detecting device 1s obtained,
thus obtaining a normalized signal, a reducing unit config-
ured to subtract the normalized signal from the receirved
signal for each acoustic wave detecting device 1n each scan
position to obtain a reduced signal 1n which the amplitude
value 1n the received signal obtained by the acoustic wave
detecting device 1n the scan position at the time when the
maximum amplitude value 1n the summed signal 1s obtained
1s reduced, and an 1imaging unit configured to generate image
data using the reduced signals.

According to the present mvention, signals 1 each of

which signal amplitudes caused by an interfacial acoustic
wave and a reflected interfacial acoustic wave included 1n a
received signal in PAT are reduced are obtained, thus reduc-
ing artifacts 1in an 1mage.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D are schematic diagrams explaining a
mechanism to cause an artifact.
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4

FIGS. 2A to 2C 1llustrate the schematic configuration of
a photoacoustic 1maging apparatus including holding plates

and schematically illustrate artifacts.

FIG. 3 1s a schematic diagram 1illustrating a photoacoustic
imaging apparatus according to a first embodiment of the
present 1nvention.

FIG. 4 1s a signal flow diagram 1n a signal processor in the
first embodiment.

FIGS. 5A to SE schematically i1llustrate a mechanism to
reduce signal amplitudes caused by an interfacial acoustic
wave and a reflected interfacial acoustic wave.

FIG. 6 1s a schematic diagram 1illustrating a photoacoustic
imaging apparatus according to an application of the first
embodiment.

FIG. 7 schematically illustrates a phantom used for mea-
surement.

FIG. 8 1llustrates images obtained when the present inven-
tion was not applied.

FIG. 9 1llustrates 1images obtained when the first embodi-
ment was applied.

FIG. 10 1s a schematic diagram illustrating a photoacous-
tic 1maging apparatus according to a second embodiment.

FIG. 11 1s a signal flow diagram in a signal processor in
the second embodiment.

DESCRIPTION OF TH

(L]

EMBODIMENTS

In the specification of the present imvention, acoustic
waves 1nclude waves called acoustic waves, ultrasonic
waves, and photoacoustic waves and mean elastic waves
generated when a specimen 1s irradiated with light (electro-
magnetic wave), such as near infrared radiation. In addition,
an acoustic wave generated on the surface of a specimen or
the surface of an acoustic wave detecting device 1s called an
“interfacial acoustic wave” and multiple reflection of the
interfacial acoustic wave by, for example, a holding member
1s called a “reflected interfacial acoustic wave”.

First, an interfacial acoustic wave and a transient response
will be described 1n detail. FIG. 1A 1s a schematic diagram
illustrating a state 1n which acoustic waves are received 1n
use of PAT. FIG. 1B illustrates the waveform of sound
pressures ol acoustic waves reached an acoustic wave
detecting device plotted against time. Reference numeral 11
denotes the sound pressure of an acoustic wave (including
an interfacial acoustic wave) generated due to light absorp-
tion by a specimen 101 (including the surface thereot).
Reference numeral 12 denotes the sound pressure of an
acoustic wave generated by a light absorber 114, such as
tumor, existing locally 1n the specimen. If the acoustic wave
detecting device 1s placed on the light radiation side, light
reflected by the specimen impinges on the surface of the
acoustic wave detecting device, so that an acoustic wave
may be generated from the surface of the acoustic wave
detecting device (such a state 1s not illustrated). In the
specification of the present invention, interfacial acoustic
waves 1nclude not only an interfacial acoustic wave gener-
ated from the surface of a specimen but also an interfacial
acoustic wave generated from the surface of an acoustic
wave detecting device. FIG. 1C illustrates the waveform of
a received signal output from the acoustic wave detecting
device, indicated at 104, plotted against time. Reference
numeral 14 denotes a transient response (amplitude) caused
by an interfacial acoustic wave generated 1n an interface
position of the specimen. The transient response 1s caused
because the frequency band of acoustic waves receivable by
the acoustic wave detecting device 1s limited. FIG. 1D 1s a
schematic diagram of an 1mage based on the received signal.
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The transient response appears as an artifact, as illustrated 1n
FIG. 1D. If the light absorber, such as tumor, 1s closer to the

acoustic wave detecting device than the arrangement 1n FIG.
1A, an amplitude 13 caused by the light absorber may be
hidden by the amplitude 14, serving as the transient
response, caused by the interfacial acoustic wave and an
image ol the light absorber may be hidden by the artifact.

Next, a reflected interfacial acoustic wave will be
described 1n detail. In some cases, such a photoacoustic
imaging apparatus includes holding members, ¢.g., holding
plates, for holding a specimen as illustrated in FIG. 2A.
When the apparatus includes the holding plates as 1llustrated
in FIG. 2A, an mterfacial acoustic wave 1s retlected multiple
times nside the holding plates, so that such a reflected wave
(reflected 1nterfacial acoustic wave) 1s also received by the
acoustic wave detecting device. The reflected interfacial
acoustic wave appears as amplitudes 15 caused by the
reflected interfacial acoustic wave 1n a received signal as
illustrated 1n FIG. 2B. Specifically, the amplitude 14 1s
caused when the iterfacial acoustic wave, generated on the
interface between the specimen and the holding plate, 1s
propagated through the holding plate and 1s received by the
acoustic wave detecting device. The amplitudes 15 are
caused when the interfacial acoustic wave 1s retlected by the
surface of the holding plate adjacent to a light source and 1s
then reflected by the surface (interface) thereof adjacent to
the specimen and 1s then received by the acoustic wave
detecting device.

FI1G. 2C 1s a schematic diagram of an image based on the
received signals. If an 1mage 1s obtained from the recerved
signals including amplitudes caused by the reflected inter-
facial acoustic wave, an 1mage of tumor or the like may be
hidden by artifacts caused by the reflected interfacial acous-
tic wave 1 a manner similar to the case related to the
interfacial acoustic wave.

In the following embodiments, the configurations of appa-
ratuses and methods for reducing artifacts generated by
amplitudes caused by an interfacial acoustic wave and a
reflected interfacial acoustic wave will be described. Pre-
ferred exemplary embodiments of the present invention will
be described 1n detail with reference to the drawings.

First Embodiment

According to a first embodiment of the present invention,
received signals output from acoustic wave detecting
devices arranged 1n an array are added to obtain a summed
signal and the summed signal 1s normalized for each acous-
tic wave detecting device. The normalized signals and the
received signals are used to reduce signal amplitudes caused
by an interfacial acoustic wave and a reflected interfacial
acoustic wave.

Configuration of Apparatus

FIG. 3 schematically illustrates a photoacoustic 1maging,
apparatus according to the first embodiment of the present
invention. In the photoacoustic imaging apparatus, a light
source emits light (pulsed light) and the specimen 101 1s
irradiated with the light, indicated at 115, through an 1irra-
diating unit 103. A light absorber (e.g., tumor to be detected)
in the specimen 101 absorbs light energy, thus generating an
acoustic wave. The generated acoustic wave 1s propagated
through the specimen and then reaches the acoustic wave
detecting devices 104 through a holding plate, serving as a
holding member. An interfacial acoustic wave 1s also gen-
erated by the surface of the specimen or the surfaces of the
acoustic wave detecting devices and the generated wave
reaches the acoustic wave detecting devices 104. The acous-
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tic wave detecting devices 104 receive the acoustic wave
and the interfacial acoustic wave, convert the waves 1nto
clectrical signals (received signals), and output the signals to
a signal processor 306. In the signal processor 306, the
received signals are subjected to, for example, amplification
and digital conversion. After that, the digitally converted
received signals are transmitted to an addition operation unit
(adding unit) 308. A signal output from the addition opera-
tion unit 308 1s transmitted to a normalization operation unit
(normalizing umt) 309. Signals normalized by the normal-
ization operation unit 309 are transmitted to a subtraction
operation unit (reducing unit) 310. The addition operation
umt 308, the normalization operation unit 309, and the
subtraction operation unit 310 constitute an 1nterfacial
acoustic wave reducer 307. This interfacial acoustic wave
reducer 307 reduces signal amplitudes caused by the inter-
facial acoustic wave and the retlected interfacial acoustic
wave from the recerved signals. The details of processes
performed by each umit will be described later. Signals
output from the interfacial acoustic wave reducer 307 are
input to an imaging unit 311. The imaging unit 311 generates
image data on the basis of the mnput signals (1mage recon-
struction). The generated image data 1s output to an 1image
display apparatus 312, so that an image based on the data 1s
displayed.

The light source according to the embodiment of the
present invention includes at least one of a coherent pulsed
light source and an incoherent pulsed light source. In order
to achieve the photoacoustic eflfect, the width of a pulse 1s
preferably several hundreds of nanoseconds or less and,
more preferably, in the range of 5 to 50 nanoseconds. To
determine whether breast cancer 1s present, the light source
emits light having a specific wavelength absorbed by a
specific component (e.g., hemoglobin) of components of
biological tissue. As a light source, a laser having high
power output can be used. A light-emitting diode may be
used instead of the laser. Various lasers, such as a solid-state
laser, a gas laser, a dye laser, and a semiconductor laser, can
be used.

Since the sound pressure of an acoustic wave 1S propor-
tional to light intensity, not only one side surface of a
specimen but also surfaces thereof can be irradiated with
light 1n order to increase the S/N (signal-to-noise) ratio of
received signals. In particular, when a specimen 101 1s
sandwiched by the holding plates 102 as 1llustrated 1n FIG.
3, the specimen may be 1rradiated with light such that light
1s applied to the specimen from each of the surfaces of the
holding plates (on the side adjacent to the acoustic wave
detecting devices and the opposite side).

The 1rradiating unit 103 1s an optical member for guiding
light emitted from the light source to the specimen and
applying the light to the specimen. The irradiating unit 103
includes, for example, a mirror retlecting light, a lens
changing the shape of light, for example, converging or
diverging the light, a prism scattering, deflecting, or reflect-
ing the light, or an optical fiber. Any optical member other
than the above members may be used so long as the member
can apply light emitted from the light source to the specimen
so that the light has a desired shape. An area 1rradiated with
light (hereinafter, referred to as “light-irradiated area’) may
be moved i1n the specimen. In other words, light emitted
from the light source 1s movable on the specimen. If emaitted
light 1s movable, a wider range can be 1rradiated with light.
The light-irradiated area 1n the specimen (light applied to the
specimen) may be moved synchronously with the acoustic
wave detecting devices. According to a method of moving
the light-irradiated area 1n the specimen, the irradiating unit
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can be mechanically moved synchronously with the acoustic
wave detecting devices. I the light source 1s small, the light
source 1tsell may be mechanically moved.

The holding plates, indicated at 102, serve as members for
keeping at least part of the specimen 1n a constant shape.
Referring to FIG. 3, when one holding plate 102 1s urged
against at least one side of the specimen such that the
specimen 1s sandwiched between the holding plates 102, the
position of the specimen 1s fixed during measurement, thus
preventing a position error caused by, for example, move-
ment of a human body. In addition, pressing the specimen
from both sides thereof by the holding plates 102 allows
light to efliciently reach deeper part of the specimen. As for
a material for the holding members, a high light-transmis-
stve material highly acoustically matching with the speci-
men 101 and the acoustic wave detecting devices 104 can be
used. To 1ncrease the acoustic matching, an acoustic match-
ing member, such as gel, may be interposed between each
holding plate 102 and the specimen 101 or between the
holding plate 102 and the acoustic wave detecting devices
104.

The acoustic wave detecting devices 104 each convert an
acoustic wave 1nto a recerved signal, serving as an electrical
signal, and each include a transducer using a piezoelectric
phenomenon, a transducer using resonance of light, or a
transducer using a change in capacity. Any acoustic wave
detecting device may be used so long as the device can
receive an acoustic wave and convert the wave mto an
clectrical signal. In the present embodiment of the present
invention, the device array, indicated at 105, including the
acoustic wave detecting devices arranged one-dimensionally
or two-dimensionally 1s used. An acoustic wave 1s received
by the acoustic wave detecting devices, each acoustic wave
detecting device outputs a received signal, and each received
signal 1s supplied to the signal processor 306.

The signal processor 306 includes the interfacial acoustic
wave reducer 307 and the imaging unit 311. The signal
processor 306 may be a program nstalled on a computer or
an electronic circuit. The imaging unit 311 generates 1image
data (or reconstructs an 1image) using backprojection in the
time domain or Fourier domain generally used in tomogra-
phy technology. In the embodiment, whether two-dimen-
sional or three-dimensional, 1mage data 1s data indicating
information about the interior of a specimen (e.g., biological
information about the distribution of 1nitial sound pressure
or light absorption coethicient 1 biological tissue). When
image data 1s two-dimensional, the data includes pixel data
items arranged. When 1image data 1s three-dimensional, the
data includes voxel data items arranged.

The details of processes and procedures of the units
included in the interfacial acoustic wave reducer 307 will be
described below.

Processes

The processes 1n the signal processor 306 in FIG. 3 will
be described with reference to FIGS. 4 and 5A to SE.

Referring to FIG. 4, n acoustic wave detecting devices
104 receive an acoustic wave, thus obtaining received sig-
nals 402. The recerved signal output from each acoustic
wave detecting device 1s a time-series signal. Let p,(t) denote
a received signal obtained by the 1-th acoustic wave detect-
ing device 104.

The received signals obtamned by the acoustic wave
detecting devices will now be described with reference to
FIGS. 5A and 5B. FIG. 5A 1llustrates the spatial distribution
of light intensity 1n a cross section taken along the line A-A.
FIG. 5B illustrates the wavetorms of recerved signals plotted
against time, the signals being obtained in the spatial dis-
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tribution of light intensity in FI1G. 5A. In FIG. 5B, upper part
illustrates the wavetform of a received signal, obtained by a
first device (the acoustic wave detecting device positioned 1n
the middle 1n FIG. SA), plotted against time and lower part
illustrates that obtained by a second device (the acoustic
wave detecting device positioned at the top i FIG. SA).
Referring to FI1G. 5B, the two devices difler from each other
in the time (1.e., reception time at which an acoustic wave
generated by the light absorber 1s received) when an ampli-
tude 16 caused by an acoustic wave generated by the light
absorber appears. The reason i1s that the acoustic wave
generated by the light absorber 1s a spherical wave and the
distance from the light absorber to the first device diflers
from that to the second device, namely, the two devices
differ from each other in the time when the acoustic wave
reaches the device. On the other hand, the time when the
amplitude 14 caused by an interfacial acoustic wave appears
and the time when the amplitude 15 caused by a reflected
interfacial acoustic wave appears, namely, reception times of
the interfacial acoustic wave and the reflected interfacial
acoustic wave 1n the first device coincide with those 1n the
second device. Since the speed of light 1s several orders of
magnitude higher than the speed of sound, applied light can
be regarded as it reaches all positions at the same time
regardless of distance. In other words, since the time when
an interfacial acoustic wave 1s generated on the surface of a
specimen 1s the same, the interfacial acoustic wave 1s a plane
wave. Since the distance from the interface of the specimen
to the first device 1s the same as that to the second device,
the reception times of the interfacial acoustic wave and the
reflected interfacial acoustic wave 1n the first device are the
same as those 1n the second device.

As 1llustrated 1n FIG. 5B, however, the magnitude (ampli-
tude value) of the amplitude 14 caused by the interfacial
acoustic wave and that of the amplitude 15 caused by the
reflected interfacial acoustic wave 1n the first device differ
from those 1n the second device. In other words, when let A
denote the amplitude value caused by the interfacial acoustic
wave 1n the recerved signal of the first device and let A,
denote the amplitude value caused by the intertacial acoustic
wave 1n the received signal of the second device, A, =A,.
The reason 1s that the spatial distribution of intensity of light
applied to the specimen 1s uneven as illustrated 1n FIG. 5A.
Specifically, since the light intensity in front of the first
device 1s high, the amplitude value A, 1s high. Since the light
intensity 1n front of the second device 1s low, the amplitude
value A, 1s low. The reflected interfacial acoustic wave
attenuates at a constant rate relative to the interfacial acous-
tic wave. Accordingly, a ratio of the amplitude 14 caused by
the interfacial acoustic wave to the amplitude 15 caused by
the retlected interfacial acoustic wave 1n the first device can
be regarded as the same as that in the second device.

A process (adding step) in the addition operation unit 308
will be described below. The addition operation unit 308
adds the received signals obtained by the acoustic wave
detecting devices at each time (at the same time). Specifi-
cally, amplitude values of the received signals at each time
are added. Referring to FIG. 4, a summed signal p__ (1) 1s
obtained by adding the received signals in the addition
operation unit 308. FI1G. 5C illustrates the wavetorm of the
summed signal plotted against time, the signal being
obtained by adding received signals of the first and second
devices for the convenience of description. In the summed
signal, the amplitudes caused by the interfacial acoustic
wave at the same reception time are added and the ampli-
tudes caused by the reflected interfacial acoustic wave at the
same reception time are added. In other words, an amplitude
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value caused by the interfacial acoustic wave at the recep-
tion time 1s expressed by A,+A,. However, amplitudes
caused by the acoustic wave generated from the light
absorber at different reception times are not added.

In the normalization operation unit 309 (normalizing
step), the above-described summed signal 1s normalized for
cach acoustic wave detecting device. Referring to FIG. 4,
A_  1ndicates a maximum amplitude value included in the
summed signal p_ (1) and A, indicates an amplitude value
in the recerved signal p.(t) at the time when the maximum
amplitude value A_ _ 1s obtained. In the normalization
operation umt 309, the summed signal p_ (1) 1s normalized
for each acoustic wave detecting device with reference to the
amplitude value A, 1n the received signal p (t) at the time
when the maximum amplitude value A 1s obtained in the
summed signal p_ (t), thus obtaining a normalized signal
Do ). Specifically, for the 1-th device, the summed signal
D....(1) may be multiplied by a ratio of the amplitude value
A, to the maximum amplitude value A_ . This process will
be described 1 more detail with reference to FIG. 5D. FIG.
5D 1llustrates the wavetorm of a normalized signal for the
first device plotted against time. Since the maximum ampli-
tude value of the summed signal 1s A, +A, with reference to
FIG. 5C, an amplitude value in the recerved signal at the
time (temporarily indicated at t1) when the maximum ampli-
tude value A,+A, 1s obtained 1s A,. In other words, the
summed signal 1s multiplied by A,/(A,+A,), thus normal-
izing the summed signal. Consequently, the normalized
signal 1s obtained. An amplitude value 1n the normalized
signal at time t1 1s A, and matches the amplitude value 1n the
received signal at time tl. As for an amplitude caused by the
reflected interfacial acoustic wave, an amplitude value in the
normalized signal matches that 1n the receirved signal (be-
cause the retlected interfacial acoustic wave attenuates at a
constant rate relative to the interfacial acoustic wave). On
the other hand, the amplitudes caused by the acoustic wave
generated from the light absorber are remarkably reduced (to
approximately zero) as compared with the amplitudes 1n the
received signals at the same times. To obtain a normalized
signal for the second device, the summed signal may be
multiplied by A./(A;+A,). In this manner, the interfacial
acoustic wave and the reflected interfacial acoustic wave can
be extracted.

A process (reducing step) in the subtraction operation unit
310 will now be described. Referring to FIG. 4, p.'(t) denotes
a reduced signal 1n which a ratio of an amplitude caused by
the iterfacial acoustic wave to an amplitude caused by the
light absorber and a ratio of an amplitude caused by the
reflected interfacial acoustic wave to an amplitude caused by
the light absorber are reduced as compared with those 1n the
received signal. In the subtraction operation unit 310, an
amplitude caused by the interfacial acoustic wave and that
caused by the reflected 1nterfacial acoustic wave are reduced
in a recerved signal of each acoustic wave detecting device
on the basis of the normalized signal for the acoustic wave
detecting device obtained 1n the normalizing step. Specifi-
cally, the normalized signal 1s subtracted from the received
signal for each acoustic wave detecting device. In other
words, an amplitude value 1n the normalized signal at each
time 1s subtracted from that 1n the received signal at the same
time. As for the amplitude caused by the interfacial acoustic
wave and that caused by the reflected interfacial acoustic
wave, since their amplitude values in the normalized signal
match those 1n the received signal, the normalized signal 1s
subtracted from the recerved signal, thus reducing the ampli-
tudes caused by the interfacial acoustic wave and the

reflected intertacial acoustic wave (to zero 1n theory). On the
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other hand, the amplitude caused by the light absorber 1n the
normalized signal 1s approximately zero. Accordingly, 1f the
normalized signal 1s subtracted from the received signal, the
amplitude caused by the light absorber 1s hardly reduced.
FIG. SE 1llustrates the waveform of a reduced signal for the
first device. It can be seen in FIG. 5E that the amplitude
caused by the iterfacial acoustic wave and that caused by
the reflected interfacial acoustic wave are eliminated and the
amplitude caused by the light absorber becomes apparent.
As for a reduced signal for the second device, a normalized
signal for the second device may be subtracted from the
received signal of the second device.

The reduced signals are output to the imaging unit 311.
The mmaging unit 311 generates image data using the
reduced signals. When image data 1s generated using
reduced signals as described above, artifacts caused by an
interfacial acoustic wave and a reflected interfacial acoustic
wave 1n an 1mage are reduced as compared with a case
where 1image data 1s generated directly from received signals
(1.e., a case where the present invention 1s not applied).

In the present embodiment, the assumption using two
acoustic wave detecting devices has been described for the
convenience of description using FIGS. 5A to SE. Actually,
the eflect of reducing an amplitude caused by an interfacial
acoustic wave and that caused by a retflected interfacial
acoustic wave can be enhanced using more received signals.
In the embodiment of the present invention, methods of
obtaining a normalized signal and a reduced signal for each
acoustic wave detecting device are not limited to the above-
described operation methods. As another method for nor-
malization, for example, the summed signal p_ . (t) may be
divided by the amplitude value A, 1n the received signal at
the time when the maximum amplitude value A_ _ 1s
obtained. Explanation will be made on the assumption that
two received signals are used. Regarding the first device, the
summed signal 1s divided by the amplitude value A,. In
other words, the amplitude in the normalized signal at time
tl 1s expressed by (A, +A, ) A,. In this case, in the reducing
step, the received signal is multiplied by (A,+A,)YA,” and
the normalized signal 1s subtracted from the resultant
received signal, so that the amplitude caused by the inter-
facial acoustic wave and that caused by the reflected inter-
facial acoustic wave can be reduced (to zero in theory). In
the embodiment of the present invention, after the received
signal is multiplied by (A,+A,)/A, >, the resultant signal is
called “received signal” for the sake of convenience. Spe-
cifically, the subtraction of the normalized signal from the
received signal at time t1 is expressed as A, x(A,+A,)/A, -
(A,+A,)/A,=0. After that, the obtained reduced signal may
be multiplied by A,*/(A,+A.).

As for the method of obtaining a normalized signal, any
operation method may be used so long as the summed signal
1s normalized for each acoustic wave detecting device with
reference to an amplitude 1n the received signal at the time
when the maximum amplitude value 1s obtained. As for the
method of obtaining a received signal, any operation method
can be used so long as a received signal 1s processed 1n
consideration of the operation method for normalization
and, after that, an amplitude 1n the recerved signal at the time
when the maximum amplitude value 1s obtained 1s reduced.

In FIG. 4, the received signals of all the acoustic wave
detecting devices are added to obtain the summed signal 1n
the present embodiment. However, 1t 1s unnecessary to add
all of the received signals. Received signals by which the
cellect of reducing an interfacial acoustic wave and a
reflected interfacial acoustic wave can be sufliciently
obtained may be selected to obtain a summed signal.
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Example 1

An example 1n which image data was actually generated
according to an application of the first embodiment will be
described below. FI1G. 6 schematically illustrates a photoa-
coustic 1maging apparatus used. A Nd: YAG laser generating
pulsed light of approximately 10 nanoseconds (FWHM) and
having a wavelength of 1064 nm was used as a light source.
Plastic plates having a thickness of 10 mm were used as
holding plates 602. A device array 603 included devices of
lead zirconate titanate (PZT) arranged two-dimensionally.
The number of devices was 18x18, the arrangement of
devices was a square type (square matrix), and the pitch of
devices was 2 mm. A signal processor 604 included an
interfacial acoustic wave reducer 605 and an 1maging unit
606 and was 1nstalled as a program on a computer. Signal
flows 1n the signal processor 604 included a flow A and a
flow B. In the flow A, received signals were supplied from
the device array 603 to the interfacial acoustic wave reducer
605 and reduced signals were supplied from the interfacial
acoustic wave reducer 605 to the imaging unit 606. In the
flow B, received signals were directly supplied from the
device array 603 to the imaging unit 606. The interfacial
acoustic wave reducer 605 i1s the same as the interfacial
acoustic wave reducer 307 1n FIG. 3. The imaging unit 606
1s the same as the imaging unit 311 1n FIG. 3. An image
display apparatus 607 displayed image data generated by the
signal processor as an 1mage. In this example, a phantom
608, serving as a urethane biological tissue model, was used
as a specimen. The phantom 608 has optical characteristics
and acoustic characteristics approximate to those of biologi-
cal tissue. FIG. 7 illustrates the configuration of the phantom
608. A coordinate system 1n FIG. 7 coincides with that in
FIG. 6.

Referring to FI1G. 7, 1n the phantom 608, rod-shaped light
absorbers having higher optical absorption coeflicients than
that of the phantom were buried. The light absorbers had
different optical absorption coeflicients. When the phantom
was 1rradiated with light, acoustic waves were generated
from the light absorbers. The device array detected the
propagated acoustic waves to obtain recerved signals. The
signal processor 604 generated 1image data representing the
light absorbers in the phantom 608 using the received
signals. An i1mage was displayed on the image display
apparatus 607.

FIG. 8 1llustrates 1mages (comparative examples) of the
phantom 608 obtained in the flow B 1n FIG. 6. The images
of FIG. 8 are maximum-intensity-projection (MIP) images
cach obtained by projecting the highest sound pressure
values of acoustic waves 1n a certain coordinate axis to a
plane orthogonal to the coordinate axis in the coordinate
system 1n FIG. 6. FIG. 9 illustrates images of the phantom
608 obtained 1n the flow A in FIG. 6. The images of FIG. 9
are MIP 1mages 1n the coordinate system 1n FIG. 6.

When the MIP images of FIG. 8 are compared to those of
FIG. 9, it can be seen that reflected interfacial acoustic
waves recognized in ovals in FIG. 8 were reduced 1n FIG. 9.
The reduction of the reflected interfacial acoustic waves
allows the 1mages of the light absorbers to become more
apparent relatively. Accordingly, 1t can be seen that the light
absorbers 1n a rectangle were not imaged 1n FIG. 8 but the
light absorbers in a rectangle were 1imaged 1n FIG. 9.

As described above, the photoacoustic 1imaging apparatus
according to the application of the first embodiment can

reduce 1nterfacial acoustic waves, thus reducing artifacts.

Second Embodiment

A photoacoustic imaging apparatus according to a second
embodiment further includes a scanning unit that scans
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acoustic wave detecting devices and a light-irradiated area
(1irradiating unit) relative to a specimen. In an adding step,
received signals obtained by the same acoustic wave detect-
ing device in different scan positions are added to obtain a
summed signal for each acoustic wave detecting device. In
a normalizing step, the summed signal 1s normalized for
cach scan position and for each acoustic wave detecting
device to obtain a normalized signal. In a reducing step, a
reduced signal for each acoustic wave detecting device in
cach scan position 1s obtained using the recerved signal and
the normalized signal. Such processes can effectively reduce
an amplitude caused by an interfacial acoustic wave and that
caused by a reflected interfacial acoustic wave even when
the spatial distribution of light intensity has a large differ-
ence 1n intensity.

The second embodiment will be described 1n detail with
reterence to FIGS. 10 and 11.

Configuration of Apparatus

FIG. 10 1llustrates the configuration of the photoacoustic
imaging apparatus according to the present embodiment. In
the photoacoustic 1maging apparatus according to this
embodiment, light 1s emitted from a light source and a
specimen 1001 1s irradiated with the light through an 1rra-
diating unit 1003. A generated acoustic wave reaches acous-
tic wave detecting devices 1004 through a holding plate
1002. The acoustic wave detecting devices 1004 receive the
acoustic wave, convert the wave 1nto recetved signals, and
output the signals to a signal processor 1006. The signal
processor 1006 performs, for example, amplification and
digital conversion on the received signals and then transmits
the digitally converted received signals to an addition opera-
tion unit (adding unit) 1008. A signal output from the
addition operation unit 1008 1s supplied to a normalization
operation unit (normalizing unit) 1009. Signals normalized
by the normalization operation unit 1009 are supplied to a
subtraction operation unit (reducing unit) 1010. The addition
operation unit 1008, the normalization operation unit 1009,
and the subtraction operation unit 1010 constitute an nter-
tacial acoustic wave reducer 1007. The details of processes
will be described later. Signals output from the interfacial
acoustic wave reducer 1007 are supplied to an 1maging unit
1011. The imaging unit 1011 generates 1mage data using the
supplied signals (image reconstruction). The generated
image data 1s output to an 1image display apparatus 1012 and
1s then displayed as an image on the image display apparatus
1012. In the present embodiment, the photoacoustic imaging
apparatus further includes, as a scanning unit scanning a
light-irradiated area synchronously with the acoustic wave
detecting devices, a scan mechanism 1013 that scans the
acoustic wave detecting devices and the irradiating unit
relative to a specimen. The scan mechanism 1013 can scan
within the surface of the holding plate 1002 and 1s scanned
simultaneously with the 1rradiating unit 1003 and the acous-
tic wave detecting devices 1004 (namely, a device array
1005). Specifically, when the device array 1005 1s 1n any of
positions for the first scan, the I-th scan, and the N-th scan
illustrated 1n FIG. 10, the distribution of light intensity on
the surface of the specimen as viewed from the device array
1005 15 substantially the same on condition that a maximum
light intensity 1s normalized to 1.

Although the present embodiment differs from the first
embodiment 1n terms of the details of the processes in the
interfacial acoustic wave reducer and the scanning unit,
other components are the same as those in the first embodi-
ment. Accordingly, explanation of the same components and
terms 1s omitted.
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Processes

Processes in the signal processor 1006 1n FIG. 10 will be
described with reference to FIG. 11. FIG. 11 1s a flow
diagram explaining a flow of signals when n acoustic wave
detecting devices 1004 perform measurement N times while
changing a scan position (i.e., at N scan positions). Let p, (t)
denote a time-series received signal 1102 obtained by the
1-th acoustic wave detecting device at the I-th scan position.

In the adding step by the addition operation unit 1008,
received signals obtained by each acoustic wave detecting,
device i different scan positions are added at each time
when elapsed times from the reference time of 1rradiation
with light 1n the scan positions are equal. In other words,
amplitude values 1n the received signals obtained by the
same acoustic wave detecting device at each scan position
are added at the same points in time. In FIG. 11, let p,>“*
(1) denote a summed signal obtained by adding the received
signals output from the 1-th acoustic wave detecting device
in the N different scan positions.

The reason why received signals obtained by the same
acoustic wave detecting device 1n different scan positions
are added in the present embodiment will be described
below. When the spatial distribution of intensity of light
applied to a specimen has a large difference 1n intensity, the
wave front of an interfacial acoustic wave 1s disturbed due
to diffraction accompanying propagation (namely, the inter-
tacial acoustic wave 1s not a plane wave). If the interfacial
acoustic wave 1s multiply reflected 1nside a holding plate, the
distance of propagation increases. Thus, the disturbance of
the wave front further increases. Accordingly, as the number
ol reflection times of a reflected interfacial acoustic wave 1s
larger, the disturbance of the wave front thereof gets larger.
Theretore, the difference 1n the time of receiving the same
interfacial acoustic wave between acoustic wave detecting
devices increases. In this case, 1f received signals of acoustic
wave detecting devices are added as 1n the first embodiment,
amplitudes caused by a multiply reflected interfacial acous-
tic wave may not be added. Hence, the acoustic wave
detecting devices and an wrradiated area are scanned and
received signals of each acoustic wave detecting device in
different scan positions are added. Even if the scan positions
are different, the distributions of light intensity on the
surface of a specimen in front of the device array 1005 are
substantially the same on condition that a maximum light
intensity 1s normalized to 1. Consequently, an interfacial
acoustic wave and a reflected interfacial acoustic wave
reached the device array 1005 have substantially the same
wave front shape. In other words, the times of receiving an
interfacial acoustic wave and a reflected interfacial acoustic
wave (or elapsed times from the time of 1irradiation with light
to the time of reception) by the same acoustic wave detecting,
device 1n different positions are substantially 1dentical with
cach other. Therefore, received signals of the same acoustic
wave detecting device are added, so that amplitudes caused
by an interfacial acoustic wave and a reflected interfacial
acoustic wave are added. As for an acoustic wave generated
from a light absorber, since the position of each acoustic
wave detecting device 1004 relative to the light absorber
varies depending on the scan position, the time of receiving
the acoustic wave from the light absorber by the same
acoustic wave detecting device 1004 varies depending on
the scan position. Accordingly, when received signals of the
same acoustic wave detecting device are added, amplitudes
caused by the light absorber are not added.

A normalizing step in the normalization operation unit
1009 will be described below. In this step, the above-
described summed signal for each acoustic wave detecting
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device 1s normalized for each scan position. In FIG. 11, let
A %M denote a maximum amplitude value included in the
summed signal p,>“* (t) for the i-th acoustic wave detecting
device and let A/ denote an amplitude value in the received
signal p,/(t) at the time when the maximum amplitude value
A >“™ is obtained. In the normalization operation unit 1009,
the amplitude value A/ in the received signal p,’(t) obtained
by the 1-th acoustic wave detecting device 1n the I-th scan
position at the time when the maximum amplitude value
A >“™ is obtained in the summed signal p,”“* (1) for the i-th
acoustic wave detecting device 1s used as a reference. The
summed signal p,”>“™ (t) for the acoustic wave detecting

device 1s normalized for each scan position on the basis of

the reference, thus obtaining a normalized signal p,"~“*(t).

Specifically, the summed signal p,”“™ (t) for the acoustic

wave detecting device may be multiplied by a ratio of the

amplitude value A/ to the maximum amplitude value A >“*,

e, AYTASTY,

The reason why the summed signal for each acoustic
wave detecting device 1s normalized for each scan position
will now be described. A light source of the photoacoustic
imaging apparatus has to have such a light intensity that
deep part of a specimen can be 1rradiated with light and
generate pulsed light of several hundreds of nanoseconds or
less. Accordingly, a pulse laser 1s generally used. Since such
a pulse laser 1s typically large, 1t 1s diflicult to scan the pulse
laser itself relative to a specimen. In many cases, therelfore,
an optical system for spatially propagating laser light or a
light guide member (which may also function as an 1rradi-
ating unit), such as an optical fiber, 1s used to guide light
emitted from the pulse laser to the vicimity of a specimen and
the 1rradiating unit 1irradiates the specimen with light 1n each
scan position. In the use of the light guide member and the
irradiating unit, when the positions of acoustic wave detect-
ing devices change due to scanning, the placement of the
optical system 1s actively changed, alternatively, the shape
of the fiber 1s passively changed 1n order to guide light to a
scan position. When these changes occur, the intensity of
light applied to the specimen may vary. As for a certain
acoustic wave detecting device, i1f the position of the detect-
ing device changes, the reception time (or the iterval from
the time of 1wrradiation with light to the time of reception) of
cach of an interfacial acoustic wave and a reflected interfa-
cial acoustic wave 1n one scan position 1s substantially
identical to that in another scan position but an amplitude
value caused by each of the interfacial acoustic wave and the
reflected interfacial acoustic wave 1n a received signal 1n the
one scan position diflers from that in the other scan position
because of a variation 1n light intensity caused by scanning.

Even when the summed signal for each acoustic wave
detecting device 1s averaged, therefore, it 1s diflicult to allow
the amplitudes caused by the interfacial acoustic wave and
the reflected 1nterfacial acoustic wave 1n the summed signal
to match those in the received signal. Accordingly, even
when the averaged summed signal 1s subtracted from the
received signal 1n the reducing step following the normal-
1zing step, 1t 1s dithcult to suthiciently reduce the interfacial
acoustic wave and the reflected interfacial acoustic wave.
According to the present embodiment, therefore, in the
normalization operation unit 1009, the summed signal p,>“*

(t) for the 1-th acoustic wave detecting device 1s multiplied
by AY/A > to allow an amplitude caused by each of the

interfacial acoustic wave and the reflected interfacial acous-
tic wave to match the amplitude value A/ in the received
signal p,/(t) obtained by the i-th acoustic wave detecting
device 1n the I-th scan position.
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The reducing step 1n the subtraction operation unit 1010
will now be described. In FIG. 11, a reduced signal p/(t) is
obtained using the received signal p,’(t) and the normalized
signal p,~“™(t). In the reduced signal, the amplitudes
caused by the interfacial acoustic wave and the reflected
interfacial acoustic wave are reduced. Specifically, the nor-
malized signal p,/~“*"(t) is subtracted from the received

signal p,’(t). The amplitudes caused by the interfacial acous-
tic wave and the reflected interfacial acoustic wave 1n the
normalized signal p,~“**(t) match those in the received
signal p,/(t) in value. Therefore, the above-described opera-
tion can reduce the amplitudes caused by the interfacial
acoustic wave and the retlected intertacial acoustic wave (to
zero 1n theory). On the other hand, an amplitude caused by
a light absorber 1in the normalized signal 1s approximately
zero. Accordingly, even when the normalized signal is
subtracted from the received signal, the amplitude caused by
the light absorber 1s hardly reduced.

Methods of obtaining a normalized signal and a reduced
signal are not lmmited to the above-described operation
methods. The summed signal p,”“* (t) for each acoustic
wave detecting device may be divided by the amplitude
value A’ to normalize the summed signal using the appli-
cation of another normalization described in the first
embodiment. In other words, so long as the summed signal
for each acoustic wave detecting device can be normalized
for each scan position, any operation method can be used. As
for reduction, so long as amplitudes caused by the interfacial
acoustic wave and the reflected interfacial acoustic wave are
reduced using the normalized signal and the received signal,
any operation method can be used.

Finally, the reduced signals are output to the 1imaging unit
1011. The imaging umt 1011 generates image data using the
reduced signals. As described above, when the 1image data 1s
generated using the reduced signals, artifacts caused by the
interfacial acoustic wave and the reflected interfacial acous-
tic wave are reduced 1n an 1image as compared with a case
where 1mage data 1s directly generated from received signals

(the present embodiment 1s not applied).

Third Embodiment

The present invention may be achieved by executing the
following process. Specifically, in the process, software
(program) for implementing the functions of the above-
described first and second embodiments 1s supplied to a
system or apparatus through a network or any of various
storage media and, after that, a computer (or CPU or MPU)
of the system or apparatus reads out and executes the
program.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

What 1s claimed 1s:

1. An apparatus for obtaining information on an interior of
a specimen using a plurality of time-series signals obtained
by detecting, with a plurality of acoustic wave detecting
devices, an acoustic wave generated by 1rradiating the
specimen with light, the apparatus comprising:

a signal processor configured to obtain the information on
the interior of the specimen using the plurality of
time-series signals,

wherein the signal processor 1s configured to perform a
process for reducing amplitude values of signals caused
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by an interfacial acoustic wave and included in the
plurality of time-series signals and to obtain the infor-
mation using the plurality of time-series signals among
which the amplitude values of the signals caused by the
interfacial acoustic wave are reduced.

2. The apparatus according to claim 1, wherein

the interfacial acoustic wave 1s an acoustic wave gener-
ated on a surface of the specimen 1rradiated with light.

3. The apparatus according to claim 1, wherein

the interfacial acoustic wave 1s an acoustic wave gener-
ated on a surface of the plurality of acoustic wave
detecting devices 1rradiated with light.

4. An apparatus for obtaining information on an interior of

a specimen using a plurality of time-series signals obtained
by detecting, with a plurality of acoustic wave detecting
devices, an acoustic wave generated by irradiating the
specimen with light, the apparatus comprising:

a signal processor configured to obtain the information on
the interior of the specimen using the plurality of
time-series signals,

wherein the signal processor i1s configured to perform a
process for reducing amplitude values of signals caused
by a retlected interfacial acoustic wave and included 1n
the plurality of time-series signals and to obtain the
information using the plurality of time-series signals
among which the amplitude values of the signals
caused by the reflected interfacial acoustic wave are
reduced.

5. The apparatus according to claim 4, wherein

the reflected interfacial acoustic wave 1s a reflected wave
of an acoustic wave generated on a surface of the
specimen irradiated with light.

6. The apparatus according to claim 4, wherein

the reflected interfacial acoustic wave 1s a reflected wave
of an acoustic wave generated on a surface of the
plurality of acoustic wave detecting devices irradiated
with light.

7. An apparatus for obtaining information on an interior of

a specimen using a time-series signal obtained by detection
ol an acoustic wave generated by irradiation of the specimen
with light, the apparatus comprising:

a signal processor configured to obtain the information on
the 1nterior of the specimen using the time-series sig-
nal,

wherein the signal processor 1s configured to perform a
process for reducing information caused by an interfa-
cial acoustic wave 1n order to obtain the information on
the interior of the specimen.

8. The apparatus according to claim 7, wherein

the interfacial acoustic wave 1s an acoustic wave gener-
ated on a surface of the specimen 1rradiated with light.

9. The apparatus according to claim 7, wherein

the interfacial acoustic wave 1s an acoustic wave gener-
ated on a surface of an acoustic wave detecting device,
which 1s configured to receive the acoustic wave and to
convert the acoustic wave 1nto the time-series signal,
irradiated with light.

10. The apparatus according to claim 7, further compris-

ng:

a light source configured to emit the light, and

an acoustic wave detecting device configured to receive
the acoustic wave and to convert the acoustic wave 1nto
the time-series signal.

11. An apparatus for obtaining information on an interior
ol a specimen using a time-series signal obtained by detec-
tion of an acoustic wave generated by 1rradiation of the
specimen with light, the apparatus comprising:
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a signal processor configured to obtain the information on
the 1nterior of the specimen using the time-series sig-
nal,

wherein the signal processor 1s configured to perform a
process for reducing information caused by a retlected
interfacial acoustic wave in order to obtain the infor-
mation on the interior of the specimen.

12. The apparatus according to claim 11, wherein

the reflected interfacial acoustic wave 1s a retlected wave
of an acoustic wave generated on a surface of the
specimen irradiated with light.

13. The apparatus according to claim 11, wherein

the reflected interfacial acoustic wave 1s a retlected wave
of an acoustic wave generated on a surface of an

acoustic wave detecting device, which 1s configured to
receive the acoustic wave and to convert the acoustic
wave 1nto the time-series signal, 1rradiated with light.

14. The apparatus according to claim 11, further compris-
ng:

a light source configured to emit the light; and

an acoustic wave detecting device configured to receive

the acoustic wave and to convert the acoustic wave 1nto
the time-series signal.

15. The apparatus according to claim 1, further compris-
ng:

a light source configured to emit the light; and

the plurality of acoustic wave detecting devices config-

ured to receive the acoustic wave and to convert the
acoustic wave 1nto the plurality of time-series signals.

16. The apparatus according to claim 4, further compris-
ng:

a light source configured to emit the light; and

the plurality of acoustic wave detecting devices config-

ured to receive the acoustic wave and to convert the
acoustic wave into the plurality of time-series signals.

17. The apparatus according to claim 1, wherein the signal
processor 1s configured to perform the process for reducing,
the amplitude values of the signals caused by the intertacial
acoustic wave 1n such a manner that the amplitude values of
the signals caused by the interfacial acoustic wave are equal
to or approximately zero.

18. The apparatus according to claim 4, wherein the signal
processor 1s configured to perform the process for reducing
the amplitude values of the signals caused by the reflected
interfacial acoustic wave in such a manner that the ampli-
tude values of the signals caused by the reflected interfacial
acoustic wave are equal to or approximately zero.

19. The apparatus according to claim 1, wherein the signal
processor 1s configured to obtain two- or three-dimensional
image data as the information on the interior of the specimen
using the time-series signals.

20. The apparatus according to claim 4, wherein the signal
processor 1s configured to obtain two- or three-dimensional
image data as the information on the interior of the specimen
using the time-series signals.

21. The apparatus according to claim 7, wherein the signal
processor 1s configured to perform the process for reducing
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an artifact caused by the interfacial acoustic wave as the
information caused by the interfacial acoustic wave.

22. The apparatus according to claam 11, wherein the
signal processor 1s configured to perform the process for
reducing an artifact caused by the reflected interfacial acous-
tic wave as the information caused by the reflected interta-
cial acoustic wave.

23. The apparatus according to claim 7, wherein the signal
processor 1s configured to obtain two- or three-dimensional
image data as the information on the interior of the specimen
using the time-series signal.

24. The apparatus according to claam 11, wherein the
signal processor 1s configured to obtain two- or three-
dimensional image data as the information on the interior of
the specimen using the time-series signal.

25. The apparatus according to claim 1, wherein the signal
processor mncludes:

an adding unit configured to obtain a summed signal by
adding amplitude values 1n the plurality of times-series
signals obtained by the plurality of acoustic wave
detecting devices;

a normalizing unit configured to obtain a normalized
signal by normalizing the summed signal by using a
maximum amplitude value 1n the summed signal and an
amplitude value 1n the plurality of time-series signals at
the time when the maximum amplitude value 1n the
summed signal 1s obtained; and

a reducing unit configured to reduce the amplitude values
of the signals caused by the interfacial acoustic wave
and included i1n the plurality of time-series signals
using the normalized signal.

26. The apparatus according to claim 25, wherein the
reducing unit 1s configured to reduce the amplitude values of
the signals caused by the interfacial acoustic wave by
calculating a difference between the plurality of time-series
signals and the normalized signal.

277. The apparatus according to claim 4, wherein the signal
processor mcludes:

an adding unit configured to obtain a summed signal by
adding amplitude values in the plurality of time-series
signals obtained by the plurality of acoustic wave
detecting devices;

a normalizing unit configured to obtain a normalized
signal by normalizing the summed signal by using a
maximum amplitude value in the summed signal and an
amplitude value 1n the plurality of time-series signals at
the time when the maximum amplitude value 1n the
summed signal 1s obtained; and

a reducing unit configured to reduce the amplitude values
of the signals caused by the retlected interfacial acous-
tic wave and included in the plurality of time-series
signals using the normalized signal.

28. The apparatus according to claim 27, wherein the
reducing unit 1s configured to reduce the amplitude values of
the signals caused by the reflected interfacial acoustic wave
by calculating a difference between the plurality of time-
series signals and the normalized signal.
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